Introduction:
A vane anemometer has a photoelectric sensor built in that reads a pulse every time the blade passes by and creates a frequency. This frequency can be read by a data acquisition system. In a tow tank this frequency output needs to calibrated to the tow speed in order to be able to determine water velocity.

Objectives:

A measure of flow rate will be conducted using a fabricated vane anemometer.  The flow rate will be calculated by using the University of Maine tow tank.  The following specific results will be obtained

· How man oscillations the blade will turn in relation to how fast the water is flowing

· How accurately the flow rate is measured

· How much data can be recorded at one time

· Maximum and minimum flow rates allowable for the apparatus

Apparatus, Equipment and Instruments: 

Apparatus

Figure 1 shows the anemometer apparatus used in experimentation. 
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Figure 1. Fabricated Anemometer flow meter

Equipment Set up

Figure 2 below shows how the equipment was set up in the tow tank for testing.
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Figure 2. Anemometer flow meter attached to tow tank carriage for testing 

Equipment and Instrument Descriptions

Photoelectric Sensor

Banner Engineering Model S-18


Serial number: 


Input: 10 – 30 Volts DC


Digital output


NPN sinking current

DC Power Supply

Hewlett Packard 


Model # KR83503194


Serial number:


Range: 0 – 20 Volts DC

Housing Block

Fabricated at Crosby Laboratory


Polyethylene


Dimensions: 1½ inches x 1 inch x 6 inches

Bearings

Mcmaster-Carr


Part number: 6391k1122


Bronze Sleeve Bearing


Dimensions: ID: 1/8 inch    OD: ¼ inch     L: 3/8 inch
Cir Clip

Mcmaster-Carr


Part number: SH – 12ST ZD


Zinc


Dimensions: ID: 1/8 inch    OD: 3/16 inch

Shaft

Mcmaster-Carr


Part number: 9094K311


Precision ground stainless steel


Dimensions: D: 1/8 inch    L: 1 5/8 inches

Propeller

Master Airscrew


Model: Windsor


Dimensions: 6 x 3

Data Acquisition

Procedure

For the first part of the experiment, data of the tow carriage needed to be taken. To do this the carriage needed to be operated at different speeds. To run the carriage at different speeds the variable frequency drive, (VFD), supplying voltage to the carriage was varied. The carriage was run at 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 hertz. The data acquisition system reads a voltage output off the encoder on the carriage and from this voltage the speed of the carriage can be calculated. This information is needed so the velocity of the carriage can be calibrated to the frequency output of the anemometer.

For the second part of the experiment the anemometer data needed to be taken at the same carriage speeds of 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 hertz. The data acquisition system read the output frequency of the anemometer and with the velocity of the carriage known; the frequency could now be related to the carriage speed.

For the last part of the experiment, the carriage was run at the same frequencies and distance over time data was taken as a check to our equation used to calculated speed from the encoder.

Theory:
To calibrate this apparatus we used the tow tank, this keeps water stationary and uses a carriage to tow the anemometer at known speeds to calibrate the output frequency of the anemometer to the known carriage speed.
To operate the carriage at different velocities, a VFD varies the frequency input to the carriage. An encoder on the carriage outputs a voltage of 0-5 volts to the data acquisition system. Using the output voltage, the following conversion equation was used:

(1 rev/100 pulses)*(2πr in/1 rev)*(1000 Hz/5V)*output voltage

For the first term, the encoder on the carriage pulses 100 times for every revolution. The second term converts one revolution to the circumference of the encoder which will convert it to horizontal distance. The third term is a conversion from the frequency of the encoder to the output voltage. Units end up to be in/s which can be converted to ft/s.
Now that velocity of the carriage is known, at the same known speeds, the anemometer is hooked up to the data acquisition system. The output of the anemometer is a frequency and now the frequency can be related to the known speeds of the carriage. The following equation represents this calibration which converts the output frequency to the water velocity:

Velocity = (0.2038)*(Propeller frequency) + 0.0913       
Results:
The results from testing the carriage velocity based on the frequency to voltage conversion of the rolling wheel are presented in Figure 1 and Table 1.
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Figure 3.  Output Voltage – Carriage Velocity

Table 1. Velocity of Carriage at different Voltages

	VFD (HZ)
	Output Voltage (V)
	Velocity (Ft/s

	10
	1
	.9813

	20
	2
	2.0

	30
	3
	3.0

	40
	4
	3.99

	50
	5
	4.97


From Figure 3 is can be concluded that the relationship between the velocity of the carriage and the output voltage is linear.  The following equation is the linear relationship. 

· Velocity = (0.9773) * Output Voltage – 0.029 
Table 1 presents the actual numbers calculated from testing.

The results for calculating the velocity of the carriage by using a distance over time equation are presented in Figure 4 and Table 2.
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Figure 4. VFD frequency Vs Carriage velocity calculated using distance over time equation

Table 2. Velocity of carriage at different frequencies of VFD

	VFD (HZ)
	Velocity (Ft/s

	10
	.9921

	20
	2.00

	30
	3.00

	40
	3.97

	50
	4.84


From Figure 4 it can be concluded that the first test was an accurate representation of the carriage velocity.  The following equation represents the linear relationship in Figure 4.
· Velocity = (0.0977) * (VFD) + 0.0327
Comparing Table 1 and Table 2 in can be concluded that the velocities between the two tests only differ a maximum 2.5% at the highest tested velocity.  

The results of testing the vane anemometer are presented in Figure 5 and Table 3.
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Figure 5. Propeller frequency to Voltage

Table 3.  Frequency of Propeller at different frequencies of VFD

	VFD (HZ)
	Velocity (Ft/s)

	10
	.9921

	20
	2.00

	30
	3.00

	40
	3.97

	50
	4.84


From Figure 5 it can be concluded that the relationship between the propeller frequency and the carriage velocity is also a linear relationship.  The following equation represents the linear relationship.
· Velocity = (0.2038)*(Propeller frequency) + 0.0913 
Conclusion

We found that there is a linear relationship between the velocity of the tow tank carriage and the output frequency of the vane anemometer. Due to this testing procedure the apparatus is now ready to be taken to the field to read water velocity data for our site in Vinalhaven.
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